To examine the associations between leptin levels and body mass index (BMI), fat distribution (re¯ected by waist to hip ratio and skinfold measurements), and blood pressure in a rural Chinese population. DESIGN AND SUBJECTS: A cross-sectional study of 294 participants who provided blood samples. MEASUREMENTS: Plasma concentrations of leptin, BMI, waist to hip ratio, skinfold thickness, and blood pressure. RESULTS: The average leptin concentration was 5.2 mgal (3.1 for men and 7.3 for women). In univariate analyses, leptin levels were signi®cantly correlated with BMI (r 0.47), abdominal skinfold thickness (r 0.53), triceps skinfold thickness (r 0.56), waist circumference (r 0.41), hip circumference (r 0.51), waist to hip ratio (r 0.17), and diastolic blood pressure (r 0.13). In multivariate analyses controlling for age, sex, education, current smoking, and alcohol use, independent associations between leptin levels and BMI, waist to hip ratio, waist circumference, and abdominal skinfold thickness remained. However, the signi®cant association between leptin and blood pressure disappeared after adjusting for BMI, whereas the association between BMI and blood pressure persisted after adjusting for leptin level. CONCLUSIONS: We observed a strong positive relationship between overall adiposity and leptin levels in both men and women in a rural Chinese population. In addition, leptin concentrations were signi®cantly associated with central obesity measured by waist to hip ratio and abdominal skinfold, independent of overall obesity. The observed positive association between leptin and blood pressure was largely explained by BMI.
Introduction
Leptin is a peptide hormone secreted by adipocytes and plays an important role in body weight regulation.
1,2 It stimulates energy expenditure and reduces appetite and thus food intake. In obaob mice, leptin de®ciency resulting from mutations of the ob gene cause obesity but administration of recombinant leptin can reduce body weight and obesity. 1, 3, 4 In contrast to obese animal models with low leptin levels, overweight and obese humans typically have elevated leptin levels, 5, 6 and resistance to leptin's activity, analogous to insulin resistance, has been suggested as a mechanism for the direct relationship between obesity and leptin. 7 Several studies have reported a strong relationship between leptin concentration and body mass index (BMI) (a surrogate for overall adiposity), 8 ± 13 but relatively few studies have examined the relation of regional fat distribution and leptin levels. 10, 11, 14 It is unclear whether an upper body fat adiposity is more strongly correlated with leptin concentrations than a lower body fat adiposity, and whether any observed association of body fat distribution is independent of overall adiposity. 10 In addition, most previous studies have been conducted in predominantly overweight and obese Western populations, and data from developing countries are particularly sparse. 11, 12 In this study, we examine the associations between serum leptin levels and BMI and various measures of fat distributions including waist and hip circumferences, their ratio, and triceps and abdominal skinfold thickness in a rural Chinese population. In addition, because animal models suggest that chronic leptin infusion increases arterial blood pressure, possibly by activation of the sympathetic nervous system, 15, 16 we examined the relationship between leptin levels and blood pressure and hypertension.
Methods
Study site and population The study was conducted in collaboration with Anhui Medical University and Anqing Health Bureau in Anqing City, China. Anqing stretches for about 80 km along the north bank of the Yangtze river with an annual average temperature of 15.0 C. It has 3 urban areas and 8 rural counties, with a total area of 15 000 km 2 . The total population in 1990 was 5.8 million (urban: 10%, and rural 90%). Participants (n 294) in this study were drawn from a cross-sectional survey of hypertension with a focus on genetics. 17, 18 The sampling unit was a village in the ®rst stage, and a nuclear family in the second stage, based on the following criteria: 1) both parents were alive; and 2) there were at least two children in the family. We over-sampled families with both children who were concordant in overweight based on age and sex speci®c distributions of BMI generated from the overall project.
Procedures
The survey team was made up of locally hired interviewers uent in the dialect of the region and faculty members from Anhui Medical University. Local of®cials and health centers arranged for the interviews and measurements to take place at the central of®ce at times convenient to the participants. Additional visits were requested for subjects with missing or ambiguous data. Trained interviewers administered questionnaires to gather information on each participant's date of birth, occupation, education level, current cigarette smoking, and alcohol use. Anthropomorphic measurements, including height and weight, were taken using standard protocols, without shoes or outerwear. Height was measured to the nearest 0.1 cm on a portable stadiometer. Weight was measured to the nearest 0.1 kg with the subjects standing motionless on the scale. Body mass index (BMI) was calculated as weight (kg)aheight 2 (m 2 ). Waist circumference measurement was taken at the level of the umbilicus. Hip measurement was taken at the maximum circumference of the buttocks with the subject in the relaxed standing posture. The triceps and abdominal skinfold thickness was measured using a Lange caliper. All measurements were performed twice by the study-certi®ed technicians. If repeated measurements differed by more than 0.5 cm, they were repeated again.
Blood pressure measurements were obtained by trained nurses after subjects had been seated for 10 min, using a mercury sphygmo manometer and appropriately sized cuffs, according to standard protocols. 19 Triplicate measurements on the same arm were taken, with at least 30 seconds between readings. Each patient's systolic and diastolic blood pressure was calculated as the mean of the three independent measures. In this population, the use of antihypertensive medications is rare.
Blood samples were obtained from 294 study participants for the leptin level measurement using 10 ml vacutainer tubes containing EDTA (1 tube) and citrate (1 tube). They were taken between 8:00 am to 10:00 am and not necessarily fasting. Tubes were kept on ice and subsequently centrifuged for 10 minutes in a tabletop refrigerated centrifuge at 4000 rpm. Plasma samples were frozen and stored at 785 C. Leptin levels were measured by radioimmunoassay with the human leptin kit from Linco Research, In. (St Charles, MO). 20 The within assay coef®cient of variation was 3.4 ± 8.3% and the between assay coef®cient of variation was 3.6 ± 6.2%.
Statistical analyses
We used multivariate linear regression to examine the relationships between BMI, fat distribution and leptin concentrations, simultaneously controlling for age, sex, education levels, and current smoking and alcohol use. In separate models, we used systolic and diastolic blood pressure as dependent variables to examine the effects of leptin on blood pressure controlling for age, sex, and BMI. To account for a possible sibling clustering effect, we calculated robust estimates of the variances using the generalized estimating equation implemented in Procedure Genmod in SAS. 21 
Results
A total of 294 participants aged 20 ± 74 y were included in the analyses: 49.7% were females; 38.4% (9.5% males and 67.8% females) were illiterate or had only elementary school education; 29.9% (56.1% males and 3.4% females) reported current smoking; and 19.4% (35.1% males and 3.4% females) reported current alcohol drinking. The average leptin concentration was 5. Table 1 describes distribution of leptin levels and anthropometric variables according to characteristics of the participants. Females had much higher leptin levels than males. Those with higher education levels had lower leptin levels. Current smokers had much lower leptin levels than nonsmokers. After adjusting for age and sex (Table 2) , these correlations did not change appreciably. However, further adjustment for BMI substantially attenuated the correlations between leptin levels and other anthropometric variables and blood pressure. However, signi®cant correlations remained for abdominal and triceps skinfold and waist circumference. The adjusted correlations did not appear to differ appreciably between males and females.
In the multivariate model predicting leptin concentration (Table 3) , sex and BMI were signi®cantly associated with leptin levels. In separate models, waist circumference and WHR also signi®cantly predicted leptin levels. After adjusting for BMI, the estimates for waist circumference and WHR remained signi®cant. When included in the same model, abdominal but not triceps skinfold thickness signi®cantly predicted leptin concentration, even after adjustment for BMI. The associations between antropometric variables and leptin levels appeared to be generally similar between males and females. Cigarette smoking was inversely associated with leptin levels. Current alcohol use did not signi®cantly predict leptin levels in these models.
Leptin levels were signi®cantly associated with systolic and diastolic blood pressures after adjusting for age, sex, smoking, education, and alcohol use (Table 4) . However, further adjustment for BMI completely eliminated these associations.
Discussion
In this study, we found that leptin concentration was strongly correlated with overall adiposity as determined by BMI in both men and women. This ®nding is consistent with previous studies in predominantly overweight and obese Western populations. 8 ± 10 In addition, leptin concentrations were signi®cantly correlated with fat distribution independent of overall obesity. Speci®cally, central obesity as measured by waist to hip ratio and abdominal skinfold thickness Leptin, body fat and BP FB Hu et al signi®cantly predicted leptin levels in both men and women after adjustment for BMI in the multivariate models. We found that leptin concentrations were signi®cantly higher in women than in men even after adjustment for BMI and fat distribution. This result is consistent with previous studies. 8, 10, 12, 14 The mechanism for this apparent gender difference has not been completely elucidated. Differences in fat distribution, especially peripheral fat, may contribute to the sex difference in leptin concentrations. 14 However, most of studies have adjusted for BMI or fat distribution. In addition, Haffner et al 22 suggested that differences in estrogen levels were also unlikely to explain sex differences in leptin levels because leptin concentrations were unrelated to either menopause status or postmenopausal hormone use.
A possible role of leptin in hypertension has been suspected because of a strong correlation between leptin and obesity. 15 Chronic leptin infusion in rats signi®cantly elevated arterial pressure and heart rate. 16 The effect of leptin on blood pressure and heart rate may be mediated by the sympathetic nervous system. Haynes et al 15 demonstrated that acute intravenous infusion of leptin increased in rate, sympathetic nerve activity to the kidney, the adrenal, and the brown adipose tissue. Little data are available on the relationship between leptin levels and blood pressure in humans. Our data suggested a strong positive association between leptin and blood pressure, which was entirely mediated by overall adiposity. Longitudinal studies are needed to examine the effects of leptin on the development of hypertension.
To our knowledge, the present study is among the ®rst to examine the relationship between adiposity and fat distribution and serum leptin levels in a Chinese population. We con®rmed strong correlations between overall adiposity and fat distribution and serum leptin levels. One strength of our study lies in the near-absence of antihypertensive medications in this population, which makes it possible to ascertain individuals' real (untreated) blood pressure levels.
In conclusion, we found a signi®cant relationship between overall adiposity as determined by BMI and leptin levels in both men and women in a rural Chinese population. Leptin concentrations were signi®cantly associated with fat distribution measured by waist to hip ratio and abdominal skinfold thickness, independent of overall obesity. The observed positive association between leptin and blood pressure was largely explained by overall adiposity.
